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Practical Solution for Usage of Desalination Unit
Wastewater: Mobin Petrochemical Complex as
Strategic Utility Unit

Alireza Pakdel, Farshad Farahbod, Sara Farahmand

Abstract— In this experimental study a suggested pretreatment process for the effluent wastewater from the desalination unit of Mobin Petrochemical

complex in south of Iran is considered. The goals of this pretreatment process is softening the wastewater as much as possible to prepare the feed

stream for salt production units and also the first stage of processes related to zero discharge desalination (ZDD). The main parameters such as the

AIZ(SO4)3, Ferric Sulfate, Fe,(S0,) FeCls

effectiveness of three commercial mineral coagulants, Aluminum Sulfate, and Ferric Chloride, , indi-
vidually in removing of the total hardness, the optimized amounts of Sodium Carbonate and Sodium Hydroxide and the optimum mixing rate of the first
reactor are surveyed in the laboratory. Main properties of clarified produced water such as total hardness, alkalinity and total dissolved solid, pH, tem-
perature, electrical conductivity, Calcium hardness and Magnesium hardness are evaluated in each run. Comparing the results reveals the optimum

values of the main parameters.

Index Terms— mineral coagulant; petrochemical complex; sea ecosystem; strategic utility unit; total hardness removal; wastewater treatment; ZDD.

1 INTRODUCTION

irect drainage of the concentrated brine wastewater of

desalination units to sea, could cause salinity and ther-
mal shocks to aqua environment (Banasiaka, Kruttschnittb and
Schaferc, 2007; Kaghazchi et al.,2010; Kim et al., 2009;Sadek,
2010; Sadrzadeh, Mohammadi, 2008). But if the concentrated
brine wastewater is pretreated in basic softening process, it
can be used in order to production of salt and potable water.
During pretreating process, total hardness which is caused by
Mg?* salts and Ca?* salts, are removed and production of So

dium Chloride salt becomes possible (Johnson et al., 2008).
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Usage of Sodium Carbonate and Sodium Hydroxide or
Calcium Hydroxide in wastewater, vanishes the temporary
and permanent hardness as Magnesium Hydroxide and Calci-
um Carbonate compounds. These particles are small and time
is needed for the sedimentation. By using mineral coagulants
in special conditions the required time for coagulation, floccu-
lation and sedimentation steps (Liu et al., 2010; Mu et al., 2009;
Rizzo et al.,, 2008), are short enough and also the turbidity of
the product is minimized.(Beltrana et al., 2009; Friedler et al.,
2008; Ma et al., 2007; Pourrezaei et al., 2010). Determination of
the optimized amounts of Sodium Carbonate, Sodium Hy-
droxide, suitable conditions of the pretreatment process, type
and dosage of coagulant, have to be studied and evaluated to
reach the higher yield and minimize total hardness.

Published papers in the field of pretreatment process of
wastewater from a desalination unit are scarce in the litera-
ture. However there are many papers about the performance
of coagulants and polymers in the initial pretreatment of feed

water for desalination units (Chen and Li, 2005; Ma et al., 2007;

IJSER © 2013
http://www.ijser.org


http://www.ijser.org/
mailto:mf_fche@iauf.ac.ir

International Journal of Scientific & Engineering Research, Volume 5, Issue 5, May-2014 751

ISSN 2229-5518
Tili et al., 2003).

Tili et al. in 2003 surveyed a material used to avoid fouling
of membrane. In the feed stream of the reverse osmosis (RO)
unit, phosphate inhibitors are used and they found that Poly-
acrylate inhibitor, RP12000, is the proper matter to avoid foul-
ing of membrane. As mentioned by Kweon et al. in 2009, co-
agulation and powdered activated carbon adsorption are two
options of the pretreatment micro filtration. The optimized
dosage of coagulant is investigated by considering the key
parameters of the raw water. They knew that properties of
raw water are tremendously varied with seasons and rain fall.
Results of their experiments showed that adding Polyalumi-
num Chloride was critical to maintain high water flux in the
membrane system.

Moreover there are researches about the best type of coag-
ulants and coagulation mechanisms in pretreatment of water
(Nan et al.,2009; Wang et al.,2010; Zenga et al.,2007) for exam-
ple Zenga et al. in 2007, studied the Silica removal from the
heavy oil wastewater by coagulants. They used Magnesium
and Zinc compounds comparing with the aluminum and fer-
ric salts and showed that the efficiency of Zinc sulfate is higher
than other coagulants in Silica removal therefore that pro-
duced water used for reboilers (Zenga et al., 2007).

Beltran et al. investigated the proper coagulant for treat-
ment of the textile wastewater on 2009 (Beltran et al.,2009).
Yan et al. on 2009, studied the efficiency of the enhanced pre-

treatment process of ground water with high content of
Mg?* by AICl,, FeCl, and Polyaluminum Chloride (PAC)

(Yan et al., 2009). They dedicated that the efficiency of the en-
hanced softening affected severely by the content of the raw
water, for example the quantity of natural organic matter
(NOM), total hardness of water, dosage of coagulant and their
type. They concluded that PAC is the most effective and the
produced water has the appropriate pH lower than 10. Wang
et al. 2009 surveyed the coagulation performance of the Alu-
minum salts and the effect of total hardness on this perfor-

mance (Wang et al., 2009, 2010). They revealed that the high

hardness affects the coagulation efficiency and kinetics. In
2010 they studied the effect of ionic strength in addition to the
total hardness on the coagulation performance to vanish hu-
mic acid (HA) (Wang et al., 2009). Bruggen et al. in 2009 stud-
ied the softening process of the potable water before distribu-
tion (Bruggen et al., 2009). They used pellet reactor and Sodi-
um Hydroxide to pretreated and reached the water with low
total hardness (Wang et al., 2010). In this paper the pretreat-
ment process of wastewater stream exited from a MED desali-
nation unit carried out, experimentally.

In this experimental study the wastewater of Mobin petro-
chemical complex is softened by Sodium Carbonate and Sodi-
um Hydroxide. Three types of usual mineral coagulants are
investigated, named; Ferric Sulfate, Aluminum Sulfate and
Ferric Chloride. Softening process is occurred in three steps;
Coagulation, flocculation and sedimentation steps. Main items
such as efficiency of three types of current coagulants, speed
of agitation and appropriate amount of Sodium Carbonate, the
optimum ratio of Sodium Hydroxide to coagulant and Sodium
Carbonate to coagulant are investigated. Properties of mother
wastewater and also produced water are evaluated and ana-

lyzed in each run.

1.1 Practical desalination Unit of Mobin Petrochemical
Complex

Mobin petrochemical complex have five MED practical desali-
nation units. About 1030 to%r flow rate of sea water is fed to

each of desalination unit although each unit has designed for
1100 to%r of sea water. About 28% of the feed is produced

as sweet water and high saline water is drained to the sea as

brine wastewater. So, the total flow rate of brine wastewater is
3700 ton - @Pproximately. Salinity of the brine wastewater is

54500 and total hardness is about 50696.3

ppm
ppmas CaCO,. Some of specifications of brine wastewater are

in Table-1.

IJSER © 2013
http://www.ijser.org


http://www.ijser.org/

International Journal of Scientific & Engineering Research, Volume 5, Issue 5, May-2014 752

ICONT D990 EE1Q

MP STEAM

ATR EXTRACTION
é‘ MAKE-UP

= = = s = =
g g E E £
H 5 £ H £
g T g g REJECT
LPSTEAM m m \
D
IR R RINRT N
N I
SEA WATER
CONDENSATE
BRINE DISTILLATE
) ) - 908wk PRODUCTION
Mominal Capacity of rach unit is 1100 ton/br 150 snhe

Fig. 1. A schematic of MED desalination of Mobin Petrochemical
complex

The proposed softening process for wastewater of desali-
nation unit of Mobin petrochemical complex is investigated
experimentally in laboratory scale. In following, the experi-
mental apparatus and the experimental procedure are de-

scribed.

2.2 Experimental Apparatus
Batch softening process is held in two pretreatment reactors.

Main bodies of these reactors are polyethylene containers and
each one with 8 liters capacity. Both of them are equipped by
an agitator and connected in series through 1.5 inches PVC
tube.

The first reactor is about 40 cm higher than the second
one, so the outlet stream of the first reactor is drained to the
second one by gravitational force, easily. Each reactor can be
drained through a PVC globe valves and one PVC valve, in-
stalled between them, is to control the flow rate. Length of
mixer is about 40 cm and is made from high corrosion re-
sistance stainless steel rod; the cross shape blades have right
angle to horizontal so that it mixes the coagulants, Sodium
Carbonate and Sodium Hydroxide with wastewater. The
speed of mixer in the first reactor is more than the speed in the
second one. The speed is changed from 50, 70, 90,120, 140, 160,
180 and to 200 rpm for 2 minutes and the slow speed of mixer
in the second reactor is 50 rpm for 8 minutes. Temperatures of
the first and second reactor are measured by thermometer.

These two reactors are fixed and set up in one table. Figure 2

TABLE 1
SOME OF SPECIFICATIONS OF BRINE WASTEWATER.

Composition Unit Brime cutlet line
Ca++ ppm as CaCO3 146163
MMg++ ppm as CaCO3 36080
Totzl hardness ppm as CaCO03 S0G96.3
Fet+ npm. Trace
Bat++ npm. Trace
30, - el 325
HCO:; - gl 0.185
Salinity ppm, 34500
Silica npm. 0.1
Specific Gravity at 15 ¢ 1.04
pH 82
Viscosity ({ Kinematic ) mm2s 0.7
T38 gl Trace
Totzl Dissolved Solids 2l 63.8
Conductivity ms./cm 77100

shows a schematic of this experimental set up.

2.3 Experimental Procedure
As mentioned before, total hardness removal is a function of

various factors such as speed of mixer in the first reactor, the
amount of Sodium Carbonate, The amount of Sodium Hy-
droxide and the amount of coagulant. So experiments are car-
ried out due to finding the optimum values of these factors.

4000 cc of wastewater of MED desalination unit of Mobin pet-
rochemical complex is examined in each test. pH, temperature,
TDS, TH, TSS and alkalinity of the sample are measured. The
concentrations of all solutions which are used in experiments

are 10 gr/lit.

As first step, the amount of coagulant is injected into the
sample and then pH and temperature measured again. pH,
alkalinity and TDS are three important factors in coagulation
process. Since other ions exist rather than Mg?* and Ca?* and
TDS of wastewater is high so the coagulant is added. This
sample is fed in the first reactor and mixer starts, and then
Sodium Carbonate and Sodium Hydroxide are inserted. In
this coagulation step no soluble compounds of Mg?* and Ca?*
are formed and simultaneously complex by coagulant. After 2

minutes, the valve 2 is opened and water with particles flows
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to the second reactor. In the second reactor the speed of mixer

is 50 rpm for 8 minutes and after that, the mixer turns off and
the reactor is drained in a beaker. After 45 minutes sedimenta-

tion time, experiments are carried out for measuring Alkalini-

ty, Ca™ hardness, TDS, EC, pH, temperature and TH on clari-
fied water taken by Burette. Comparing the results of TH in
experiments, the appropriate speed, type and amount of co-
agulant, amount of Sodium Carbonate and appropriate ratio
of Sodium Hydroxide and Sodium carbonate are investigated.

3 RESULTS AND DISCUSSION

3.1 MIXING RATE OF FIRST REACTOR

Operating conditions of the two pretreatment reactors are ef-
fective on the coagulant performance. One of these importanc-
es is the rate of mixer in the coagulation step and in the first
reactor.

In this step, coagulant is combined with sediments which
are removed from water, so the appropriate mixing rate is the
most important parameters for proper collision. In this study,
the mixing rate of first reactor is investigated for each coagu-
lant with the fix dosage of Sodium Carbonate and Sodium
Hydroxide.

Experimental data for total hardness versus mixing rate of
the first reactor are shown in Figures 3. The results indicate
that about 70 rpm is the best mixing rate for the first pretreat-
ment reactor and the total hardness reaches to the lowest
amount. 450 cc of Sodium Carbonate, 600 cc Sodium Hydrox-
ide and 150 cc of each coagulant are used in experiments
which the effect of the speed of agitation and the type of coag-
ulant are determined. Moreover, residence time for first reac-
tor is 2 minutes and in the second reactor is 8 minutes in all
experiments.

When Al, (SO, ); is used as coagulant, It seems that in low
speeds, power of mixing is not enough to make the required
fluctuation for suitable collision between ions, so the amount
of total hardness is higher than 550 ppm as CaCOj;. By in-
creasing the speed of the mixer to 70 rpm, the amount of total

hardness decreases to about 460 ppm as CaCO; . But in higher

ranges of speed of mixer, turbulences avoid forming of com-
plexes so total hardness increases again.

It can be concluded that a value of the total hardness of
clarified water is minimum when the mixing rate of the agita-
tor is 70 rpm in the first reactor. The effect of agitation in the
first reactor on value of Calcium hardness is shown in Figure
4. Considering the trend of values of Calcium hardness versus
mixing rate in first reactor for Al,(SO,);, 70 rpm is the best
speed for proper interactions and collisions for ions to sedi-
ment Calcium carbonate. Before this speed, the Calcium hard-
ness is about 306 ppm as CaCO;, in 70 rpm the amount is
decreased to about 225 ppm as CaCO; and in higher agitator
speed, the Calcium hardness increases to about 270 ppm as
CaCO; . Although the difference between minimum and max-
imum of values of Calcium hardness is about 81 ppm as
CaCO; however the purpose of this research is finding the
optimum speed of the agitator in the first reactor, so 70 rpm is
the best. According to Figure 4, when FeCl; is used as a co-
agulant, the minimum amount of Calcium hardness is reached
in 70 rpm. Difference between Calcium hardness in 90 rpm
and 70 rpm is sensible but increasing of Calcium hardness in
speeds higher than 90 rpm is moderately. Also 70 rpm is the

best mixing rate in the first reactor when Fe,(SO,);is used.

Fig. 2. Picture of pretreatment set up.
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Fig. 3. Optimum mixing rate in the first pretreatment reactor for
FeCls(a)

Figure 3, also indicates that using the FeCl, as mineral

coagulant, the total hardness in 70 and 90 rpm are the same
approximately but the total hardness of the clarified water in
70 rpm is less.

Furthermore the value of Calcium hardness in 70 rpm is

less, so this can be concluded that the optimum speed of agita-
tor to vanish the Calcium ions is 70 rpm.
The trend of changes of the total hardness in the speeds higher
than 70 rpm, is demonstrated in Figure 3. Amount of sedimen-
tation in speeds lower than 70 rpm is less than ones which are
measured in speeds higher than 70 rpm.

The value of total hardness is minimum by using the

Fe;(S04)s as a mineral coagulant, in 70 rpm and about 453

ppm as CaCO;,. According to results for all coagulants the

slope of curve is positive at mixing rates higher than 70 rpm,
in first reactor. The collision between particles and attraction
between them are two major factors which affect the quality of
coagulation and flocculation, 70 rpm provides the best colli-
sion and attraction between particles.

The effect of agitation in the first reactor on value of Calci-

um hardness is shown in Figure 4.
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Fig. 4. Effect of mixing rate in the first reactor on the Calcium
hardness.
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Fig. 5 Effect of various amounts of Sodium Carbonate on total
hardness.

3. 2 Different Amounts of Sodium Carbonate
Permanent hardness of the raw water is higher than tempo-

rary hardness. Sodium Carbonate is used for removing per-
manent Calcium hardness, therefore the appropriate amount
of Sodium Carbonate is one of the major factors in efficiency of
softening process. Therefore amount of Sodium Carbonate is
investigated experimentally in this research. In all related ex-

periments, 150 cc of each coagulants and 600 cc of Sodium
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Hydroxide are used by the optimum mixing rate in the first

reactor for 2 minutes and 50 rpm in the second reactor with 8
minutes residence time.

Figure 5, shows the performance of three types of coagu-
lants regard to removing of total hardness in various amounts
of Sodium Carbonate. Although the performance efficiency of

FeCl; is lower than Fe,(SO,); and Al,(SO,); in total
hardness removal. This is revealed that total hardness removal
by Fe,(SO,);, is more efficient till the amount of Sodium
Carbonate becomes near 1500 cc. Using Al, (SO, )3 as a miner-
al coagulant, is suitable for values of Sodium Carbonate higher
than 1500 cc. Maximum softening for Fe,(SO,); is 0.9911
which can be reached by using 450 cc of Sodium Carbonate
however at the same conditions amount of total hardness re-
moval is 0.991058 and 0.991 by using Al,(SO,); and FeCl;,
respectively. Also the peak of curve for Al,(SO,); is 0.9985
by using 2900 cc of Sodium Carbonate. It shows that by add-
ing 2450 cc more Sodium Carbonate the total hardness remov-
al increases just about 0.74%. Therefore it is clear that reaching
this value of softening is not cost beneficial. Although the
charge density of Al,(SO,); and Fe,(SO,);are equal but
since the molecular weight of Fe,(SO,); is higher, so the
tendency of Fe,(SO,); in removing total hardness is higher
than the other. The molecular weight and charge density of
FeCl;is the lowest one so this cannot be the suitable coagu-
lant. Equations 1, 2 and 3 show the reactions related to the

coagulation step.

Al,(SO,), +3Ca(HCO,), <> 2AI(OH), +3CaS0, +6CO, 1)

Fe,(SO,), +3Ca(HCO,), <> 2Fe(OH), +3CaS0, +6CO, @

FeCl, + 3 Ca(HCO,), <> Fe(OH), + 3, CaCl, +3CO,

®)
pH is an important factor to control coagulation process. In

Figure 6 the amounts of pH of clarified water in each test are

shown for three types of coagulants. Experiments show that
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by using Sodium Carbonate more than 1000 cc, the trend of
changes of pH values for three coagulants are similar approx-

imately.
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Fig. 6. Variations of pH of clarified water due to amount of Sodi-
um Carbonate for three coagulants
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clarified water for Al,(SO4)s .
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Fig 7.b. Effect of amount of Sodium Carbonate on EC of the

clarified water for FeCls.
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Fig 7.c. Effect of amount of Sodium Carbonate on EC of the

clarified water for Fe,(SO,); coagulant.

3.3 ELECTRICAL CONDUCTIVITY

One of the other important factors measured in this study is
electrical conductivity of the clarified water. This factor can be
an indicator for performance evaluation of coagulants in total
hardness removal. In Figure 7 a, b and ¢, the performance of
three types of coagulants by different amounts of Sodium
Carbonate is shown in terms of electrical conductivity. This is
concluded that the electrical conductivity is at minimum when
the ratio of Sodium Carbonate over coagulant is 3. Moreover,
it can be concluded that in low amounts of Sodium Carbonate
below 2900 cc, electrical conductivity (EC) of clarified water
decreased comparing the value of EC for mother wastewater.
However in amounts 2900, 3630 and 4000 cc of Sodium Car-
bonate the values of EC increase, even more than EC of moth-
er wastewater.

There is a relation between total hardness of the clarified
water and electrical conductivity, so for three coagulants in
different amounts of Sodium Carbonate, Figures 8, a, b and ¢

are drawn. Figure 8-a shows that when Al,(SO,); is used as

a mineral coagulant, both total hardness and electrical conduc-
tivity are at minimum when 450 cc Sodium Carbonate is used,

and then this indicates the best frac-

tion Na2CO3 / AIZ (804)3 = 3
Also, Figure 8-c shows the trend of electrical conductivity

versus total hardness when the coagulant is FECI,. Electrical

756

conductivity is from 65000 to 67000. However EC and TH
have sensible increase in amounts of Sodium Carbonate more
than 2000 cc. Comparing results in Figure 8 shows, by using
450 cc Sodium Carbonate and 150 cc of each coagulant, the EC

and TH are in the minimum quantities.
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Fig 8. a) Relation between the TH and EC in variant amount of
Sodium Carbonate using Al,(SO4)s .
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Fig 8. b) Relation between the TH and EC in variant amount of
Sodium Carbonate using Fe;(SOu)s.
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Fig 8. c) Relation between the TH and EC in variant amount of
Sodium Carbonate using FeCls.

3.4 VARIOUS FRACTIONS OF SODIUM CARBONATE AND
SoDbIuM HYDROXIDE

One of the important parameters in coagulation process is
minimum amount of coagulant. This parameter has more ef-
fectiveness particularly while the efficiency of softening pro-
cess is dependent on the amounts of Sodium Carbonate and
Sodium Hydroxide. Therefore this is concluded that finding
the appropriate amounts of Sodium Carbonate and Sodium
Hydroxide is possible considering the amounts of coagulant,
fractionally. According to this concept, four fractions is inves-
Al,(SO,),, FeCl;

tigated for each mineral coagulant,

and Fe, (SO,);.
Results about appropriate fractions for Al,(SO,); are

shown in and indicate that

Na2CO3 / A|2(SO4)3 =3 and NaOH /AI2(804)3 =4 achieve

Figure 10

the best total hardness removal.

It seems that the effectiveness of Sodium Carbonate, Sodium
Hydroxide and each coagulant in removing hardness of Mo-
bin water, depends on the ratio of Sodium Carbonate to coag-
ulants and also the ratio of Sodium Hydroxide to each coagu-
lant. Since one of the main purposes in all pretreatment pro-
cesses is the limit of appropriate amount of coagulant, so the
mentioned fractions are assumed according to the optimum
amount of coagulant. In this study the limit optimum amount

of each coagulant is assumed 150 cc in each test. Experiments

757

are done to study about the appropriate fractions of

Na,COs,

NaOH .
Coagulant ™™ /Coagulant which the results

are demonstrated in Figures 9, 10, 11, and 12.
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Fig 9. Effect of fractions of Na,CO,/Al,(SO4), and

NaOH / Al, (SO, ),on the total hardness of the clarified

water.
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Fig 10. Effect of fractions of Na,CO,/FeCl, and

NaOH / FeCl, on the total hardness of the clarified water.
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Fig 11. Effect of fractions of NaZCOS/ |:e2(304)3 and
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2(S0,); on the total hardness of the clarified water.
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Fig 12. Comparison between the effectiveness of three coagu-
lants with the appropriate fractions of NaZCO3 /Coagulant
and NaOH /Coagulant .

4. CONCLUSIONS

A pretreatment process is suggested for softening of brine
waste water of Mobin petrochemical complex. Currently direct
drainage of the wastewater of desalination units to sea could
cause salinity and thermal shocks to sea ecosystem. The pur-
pose of this pretreatment process is softening the wastewater
as much as possible to prepare the feed stream for salt produc-
tion factories. This suggested pretreatment process can be the
first stage of processes related to ZDD processes. Performance
of three types of commercial coagulants, Aluminum Sul-

fate, Al,(SO,);.14H,0, Ferric Chloride , FeCl; and Ferric Sul-

fate, Fe,(SO,);, are considered. Therefore variations of total
hardness of clarified water with different mixing rates of first
tank reactor and with various fractions of Sodium Carbonate
and Sodium Hydroxide for each coagulant are presented sepa-
rately. Comparing the results the optimum values of the major
parameters are determined.

Experimental results approve that Fe;(SO4)s is the best
mineral coagulant in the same condition among the FeCl; and
Al>(SO,)s and this coagulant removes hardness more efficient-
ly. The best mixing rate speed in the first reactor is obtained as
70 rpm. Moreover this is suggested that finding the optimum
fractions of Sodium Carbonate to coagulant and Sodium Hy-
droxide to coagulant is more effective than considering to the
amount of Sodium Carbonate and Sodium Hydroxide indi-

vidually. In this study, the appropriate fractions are found to

Na,CO, _ NaOH - i}
Coagulant ~ 3and /Coagulant =4. The ex

periments indicate that by using Fe, (SO,);, the percentage of

be

total hardness removal reaches to 99.11 approximately.
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